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Ketorolac versus morphine for severe pain
Ketorolac is more effective, cheaper, and has fewer side effects

Morphine, titrated intravenously, is the gold
standard analgesic for severe pain in emer-
gencies. It is effective and cheap. But

morphine has well documented side effects including
drowsiness, nausea and vomiting, and respiratory
depression. These side effects can be distressing for
patients who are already in severe pain and can also
interfere with the efficient flow of patients through
emergency departments. Staff must spend time observ-
ing patients who are experiencing side effects; the length
of the patient’s stay in the emergency department is pro-
longed; and some patients need to be admitted for a
short time while they recover from the side effects of
morphine, thus adding to overall costs.

Non-steroidal anti-inflammatory drugs have had
the potential to replace opioids in the treatment of
severe pain since they became available for use by
intravenous injection. The only Cochrane review on
this subject shows that non-steroidal anti-inflammatory
drugs relieve the pain of renal colic faster when given
intravenously than when given by other routes.1

Ketorolac trometamol given intravenously is as
effective as morphine in the management of surgical
pain and pain related to cancer, and it has fewer side
effects.2 Gastrointestinal haemorrhage is the most
feared risk, but this risk is only slightly higher with
ketorolac than with morphine (odds ratio 1.17 (95%
CIs 0.99-1.13)); the risk rises sharply if ketorolac is used
for more than five days or in patients older than 75
years.3 Renal problems caused by ketorolac usually
resolve when treatment is stopped and should not be
an important problem in short term treatment.2 Yet
ketorolac does not seem to have been widely used,
probably because of concerns about its cost. The study
by Rainer et al (p 1247) in this issue of the journal is,
therefore, important because not only does it compare
the efficacy of the two analgesics in the emergency set-
ting but costs and benefits as well.4

Although small, the study is well designed; the two
groups are well matched; and patients had painful
injuries. Around two thirds had fractures, including
fractures of the femur, tibia, and fibula, not just soft tis-
sue injuries. Ketorolac proved to be as effective as mor-
phine in relieving pain and did so just as quickly. It

seemed to have some advantages over morphine in
relieving pain associated with activity. This may have
practical benefits for patients requiring positioning for
radiographs or plaster casts.

As expected, ketorolac produced considerably
fewer side effects. Doctors who believe that drowsiness
and sleepiness are not so unpleasant, and possibly even
desirable for patients with severe pain, may be
surprised to find that patients rated ketorolac as
significantly better than morphine.

These findings are not unexpected given previous
comparisons in other settings. What makes Rainer et
al’s findings so important is that they address the con-
tentious issue of the added expense of ketorolac. While
the cost of the drugs is one factor, it is minor in any
overall cost-benefit analysis. Staff time has been shown
to be the major driving force in costs in emergency
departments, and this was reduced significantly with
ketorolac, leading to lower costs overall.5 6 The more
rapid flow of patients through the department could
also reduce costs.7

Equally important to emergency and primary care
physicians is the question of efficiency. With emergency
departments in many parts of the world experiencing
serious congestion, any intervention that reduces the
time patients spend in the department, and the time staff
need to devote to them, can only help.8–10 There is also
the question of the quality of care. The significantly
shorter time it takes to prepare ketorolac for administra-
tion, which was shown in this study and presumably
occurs because there is no need for security procedures,
should translate into earlier pain relief for patients.

In terms of costs, the main concern raised by this
study is the trend towards an excess of admissions
among patients given ketorolac. Emergency department
costs are only a small part of the overall hospital costs for
patients who are admitted, and these patients are much
more expensive to treat in emergency departments than
patients who are then discharged.5 6 Thus, even the small
increase in the number of admissions that was found to
be associated with the use of ketorolac would negate the
savings found by Rainer et al. However, the finding of
excess admissions is perhaps counterintuitive given the
other findings. Patients whose pain is promptly relieved
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and who recover quickly with few side effects should be
more likely to be discharged if their injuries are of the
same severity as those given morphine. The authors may
be right in suggesting that this trend will disappear in
larger studies.

The message from the paper is clear. Clinical
evidence from other settings has shown that ketorolac
and morphine are equivalent in relieving pain, but
there is a distinct benefit favouring ketorolac in terms
of side effects. This was not enough to change clinical
practice, probably because of the cost of the drug. This
latest evidence that the costs and benefits are also likely
to favour ketorolac—with the attendant advantages in
efficiency, quality of care, and patient satisfaction—
should encourage emergency and primary care physi-
cians to use titrated intravenous ketorolac for severe
pain in isolated limb injuries. Given its previously
reported efficacy as an analgesic for other conditions in
the emergency department, the accumulating weight
of evidence suggests that intravenous ketorolac will
become the analgesic of choice for many emergencies.

George A Jelinek Professor of emergency medicine
Sir Charles Gairdner Hospital, Nedlands, Western Australia 6009
(g.jelinek@one.net.au)
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The importance of injecting vaccines into muscle
Different patients need different needle sizes

Most vaccines should be given via the intra-
muscular route into the deltoid or the antero-
lateral aspect of the thigh. This optimises the

immunogenicity of the vaccine and minimises adverse
reactions at the injection site. Recent studies have high-
lighted the importance of administering vaccines
correctly.1–3 Clinical practice needs to reflect considera-
tions about the right length and gauge of needles used
to ensure that those vaccinated get the immunological
benefit of the vaccines without local side effects.

Injecting a vaccine into the layer of subcutaneous
fat, where poor vascularity may result in slow mobilisa-
tion and processing of antigen, is a cause of vaccine
failure1—for example in hepatitis B,2 rabies, and
influenza vaccines.3 Compared with intramuscular
administration, subcutaneous injection of hepatitis B
vaccine leads to significantly lower seroconversion
rates and more rapid decay of antibody response.1

Traditionally the buttocks were thought to be an
appropriate site for vaccination, but the layers of fat do
not contain the appropriate cells that are necessary to
initiate the immune response (phagocytic or antigen-
presenting cells). The antigen may also take longer to
reach the circulation after being deposited in fat, lead-
ing to a delay in processing by macrophages and even-
tually presentation to the T and B cells that are
involved in the immune response. In addition, antigens
may be denatured by enzymes if they remain in fat for
hours or days. The importance of these factors is sup-
ported by the findings that thicker skinfolds are associ-
ated with a lowered antibody response to vaccines.1 2

Serious reactions to intramuscular injections are
rare; in one series of 26 294 adults, of whom 46% had
received at least one intramuscular injection, only 48

(0.4%) had a local adverse effect.4 However, subcutan-
eous injections can cause abscesses and granulomas.1 5 6

Muscle is probably spared the harmful effects of
substances injected into it because of its abundant blood
supply.5 Adipose tissue, having much poorer drainage
channels, retains injected material for much longer and
is therefore also more susceptible to its adverse effects.5

In the case of vaccines in which the antigen is adsorbed
to an aluminium salt adjuvant—such as those for hepati-
tis A, hepatitis B, and diphtheria, tetanus, and pertussis
vaccines—the intramuscular route is strongly preferred
because superficial administration leads to an increased
incidence of local reactions such as irritation, inflamma-
tion, granuloma formation, and necrosis.2 7 8

The injection technique and needle size both deter-
mine how deep a substance is injected. Injection
technique involves stretching the skin flat before
inserting the needle or pinching a fold of skin before
injection, which may necessitate the use of longer
needles. To make sure the needle reaches the muscle
and that vaccine does not seep into subcutaneous tissue
the decision on the size of the needle and injection site
should be made individually for each person. It should
also be based on the person’s age, the volume of material
to be administered, and the size of the muscle.9

In a recent study, the thickness of the fat pad above
the deltoid muscle of the upper arm was measured in
220 adults (healthcare workers presenting for hepatitis
B immunisation) using high frequency ultrasono-
graphy.1 A wide variation exists in thickness of the
deltoid fat pad, with women having significantly more
subcutaneous fat than men. A standard 5/8 inch
(16mm) needle would not have achieved sufficient
penetration for true deltoid intramuscular injection in
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